Europalsches Patentamt 

European Patent Office 0 PubOcation number: 0 260 103 

Office europ6en dee brevets A1 



® EUROPEAN PATENT APPLICATION 



@ Application number: 87307910.7 @ JntCI/: C 08 F 8/42 

^ C 08 F 255/04 

@ Date of filing: 0a09.87 



@ Priority: 10.09.86 US 905819 11.09^ US 906123 

@ Date of publication of application : 
16.03.88 Bulletin 88/11 

@ Designated Contracting States: 
DE FR GB IT NL SE 

@ AppRcant: UNIROYAL CHEMICAL COMPANY, Inc. 
World Headquarters 
. Middlebury Connecticut 06749 (US) 



@ Inventor: Bae,Dong-Hak 
9 Nfiwfleld Street Wotertiury 
New Haven Connecticut 06708 (US) 

SlgworthiWmiamD. 

69 Deepwood Avenue Naugotuck 

New Haven Coimeettcut 06770 (US) 

Cummlnge, Wntiam 

36 Washington Road woodbury 

Utchfleld Connecticut 06698 (US) 

Tomko, Richard P. 
18447 May Street 
HomewoodilUnote 60430 (US) 

@ Representative: Harrison, Michael Roi»ertetal 

Urquhart-Dyices & L^rd 5th Roor Tower House Merrion 
Way 

Ueda,LS28PA (GB) 



CO 

o 



CO 
CM 



@ Moisture-curable low molecular weight polymers and compositions and composites thereof. 

@ Amorphous moisture-curable, silane-substituted polymers 
having a saturated carbon backbone and a viscosity average 
molecular weight of between about 500 and about 20,000 
provide desirable protection for weatheroble substrates upon 
curing. Also disclosed are coating cornposttions containing 
such silane-substltuted polymers; a method of protecting 
weatherable substrates employing such compositions; and 
composites produced by the method disclosed herein. 
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Description 

MnisnJRE-CURABL E LOW MOLECULAR WEIGHT POLYMERS AND COMPOSITIONS AND COMPOSITES 
" ; THEREOF 

5 FIELD OF THE iNVENTiON ^ ^ u 

This invention relates to novel low molecular weight, amorphous silane-substftuted polymers having a 
saturated carbon backbone which polymers are moisture curable and which, upon curing, provide desirable 
protection for weatherable substrates. In other aspects, this invention is directed to compositions comprising 
such polymers as well as to composites comprised of cured compositions and a weatherable substrate. In yet 

W another aspect, this invention is directed to a method of protecting weatherable substrates. 

BACKGROUND OF THE INVENTION . _ . 

The protection of weatherable substrates has long been a desired goal. The Idea! weatherable coating 
composition will provide desirable protection against the elements, will not discolor or otherwise mar the 
15 appearance of the surface to be protected, and will sufficiently ffll holes and bridge gaps In Irregularly surfaced 
substrates. Moreover, such a sealant composition must be readily applied and cured. Frequently, it Is 
necessary that such a coating composition exhibit a good deal of flexibility, e.g.. when applied to flexible 
substrates such as fibers, fabrics and the like. . * ui 

•Among the polymeric materials which have been employed in the past for the protection of weatherable 
20 substrates are certain moisture-curable high molecular weight silane-grafted nibbery polymers. Thus, for ■ 
example, Kresge et al (In U.S. Patent 3,603,943) show moisture-curable sllanergrafted copolymers having an 
ethylene/propylene/nonconjugated diene backbone, which polymers may. be employed to forni a waterproof 
protective layer. It Is noteworthy that all the graft copolymers actually made by Kresge et al have an injjerent 
viscosity of more than 2.0 dl/g In tetralln and thus possess molecular weights of more than about 90,000. 
25 Somewhat simllariy, Gardner et al (In U.S. Patent 3,644.315) show moisture-curable sllane-grafted 
conjugated diolefin polymers having at least 0^ mole percent unsaturatlon in their backbones. It is to be noted 
that the lowest molecular weight of any backbone polymer shown In the examples of Gardner et al Is more than 
40.000. See also U.S. Patent 3.646,155 to Scott, which shows the use of sHane grafting to crosslink high 
molecular weight polyethylene resins. ^^^^ 
30 Although Kresge et al and Gardner et al. discussed above, do state that lower molecular weight backbone 
polymers may be employed, these patents do not exemplify this statement In this regard, the conclusions. of 
the survey article presented by G. Wouters and F. Woods entitled "Molsture^rable Sllane Grafted Ethylene 
Propylene Elastomers' and presented at the international Rubber Conference 1981, Hanrogate. U.K. - U.. 
almost 10 years after the Issuance of the Kresge et al and Gardner et al patents - Is extremely notewortliy. 
35 Specifically. In Table 5 of their presentation. Wouters et al conclude that "EPM's or EPDM's with low molecular 
weight" are "stnjctures with low moisture-curing potential.* , * 

A second class of polymeric materials which have been employed to produce moisture-curable sealants are 
silane-grafted halogenated copolymers. Thus. Baldwin et al (in U.S. Patent 3.366.612) show certain 
halogenated polymeric compositions which have been reacted with silanes to form "^atej^te^J^f ™| ^ 
40 waterproof.-weather-resistant liners. Somewhat simllariy. Bond, Jr. et al (in U.S. Patent 4,0^,483) show 
interpolymers of ethylene, propylene and an ethylenlcally unsaturated sllane substituted with a highly 
hydrolyzable group" (in all examples a halogen or halogenated group). V ' * 

A thinj class of moisture-curable polymers which have been disclosed as being useful for the protection of 
certain substrates (e.g., metal, glass or plastic fibers) from adverse environmental condltlor^ are low 
45 molecular weight silane-modified waxes. Tlius, Inakakl et al (in Japanese Patent Disclosure No. 1979-145785) 
show low molecular weight sllane-grafted waxes which are suitable for fabrication by casting above their melt 
temperature of 80 -160° 0. v ^ * 

In addition. Joffrion (in U.S. Patent 4,340.689) and Swarbrick et al (in U.S. Patent 4.1 17,195) show methods of 
grafting silanes onto ethylene/alpKaolefin copolymers. i ♦ ^ i 

SO While all three types of polymers discussed above will provide some degree of protection to certain 
weatherable substrates, there are drawbacks associated with the uses of each. Thus, high molecular weight 
polymers will not desirably penetrate Into porous substrates and, upon evaporation of the solvent required for 
their application, are prone to contraction thereby leaving portions of the substrates unprotected. 
Waxes possess the disadvantage that they must be heated above their melt temperature of 80 -120 C 
55 before being employed. Not only do such high temperatures cause difficulty in application, but they may hanri 
the substrate to be protected as well. .. j ^ u 

Thus. It would be highly desirable to possess a coating composition which could be easily applied and wnicn 
would exhibit good penetration of porous substrates. 
Accordingly. It Is an object of this Invention to provide a coating composition which Is easily applied. 
60 It Is a further object of this invention to provide a coating composition which exhibits desirable penetration 
Into porous substrates and which does not require the. use of large amounts of solvent. 

It Is another object of this invention to provide a novel sllane-substltuted polymer which is useful in coating 
compositions. 
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It is yet another object of this invention to provide a method of protecting a weatherabie substrate. 

H is another object of this Invention to provide a composite comprised of a weatherabie substrate and a 
protective polymeric layer. 

These objects, and other additional objects, will become more fully apparent from the following description 
and accompanying Examples. 

DESCRIPTION OF THE INVENTION 

In one aspect, this invention relates to an amorphous polymer comprising a saturated carbon backbone 
having substituted thereon one or more silane moieties of the formula: 




10 



IS 



wherein RMs: halogen. Ci-Ci2 alkoxy, Ci-Ci2 sdkyleneoxy, 04-012 alkoxyatkoxy, Cs-Co cycloalkoxy, Ce-Cg 
aryloxy, C2-C13 alkylcartionyloxyor O1-C12 alkyiamino; 

R2 and R3 are the same or different and are: hydrogen, O1-C12 alkoxy, Ci'Ci2 aikyleneoxy. O4-O12 
alkoxyaikoxy. Ce-Ce cycloalkoxy, C2-C13 alkylcarbonyloxy, C1-C12 alkyiamino, Ci-Ci2 alkyl. C4-O12 
alkoxyalkyi, Cg-Oe cycloalkyl or C7-C9 aralkyl; and 

Q is C2-O6 alkenylene. Cs-Oa cycioalkylene, Ce-Ca cycloalkenyiene or of the formula: 



20 



25 



(I) 
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or 
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3S 

(II) — CH, CH C 0 (CH,)-— } 

0 

wherein j Is a whole number between 0 and 6 inclusive; and RS are each Independently hydrogen or C1-C3 ^ 
alkyi; R^ Is hydrogen or methyl; and y is an integer between 2 and 5 inclusive; with the proviso that J can be 0 
or 1 only if the saturated carbon backbone had pendent unsaturatlon prior to being substituted with such 
silane moiety; 

said polymer having a viscosity average molecular weight of between about 500 and about 20,000. 
In another aspect, this Invention is directed to a sealant composition comprised of: (A) an amorphous 
polymer comprising a saturated carbon backbone having substituted thereon one or more silane moieties 
of the formula: 




50 



55 



wherein is: halogen, C1-C12 alkoxy. C1-C12 aikyleneoxy, C4-O12 alkoxyaikoxy, Os-Cs cycloalkoxy, 
Cs-Od aryloxy, 02-Oi3 alkylcarbonyloxy or C1-C1 2 alkyiamino; 

R2 and R^ are the same or different and are: hydrogen, C1-C12 alkoxy, Ci-Ci2 aikyleneoxy, C4-C12 
alkoxyaikoxy, Os-Ce cycloalkoxy, C2-O13 alkylcarisonyloxy. Ci'Ci2 alkyiamino, C1-G12 alkyl. C4'Ci2 60 
alkoxyalkyi, Ce-Ce cycloalkyl or C7-C9 aralkyl; and 

Q is O2-C6 alkenylene, Cs-Ca cycioalkylene, Cs-Ca cycloalkenyiene or of the formula: 
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wherein j is a whole number between 0 and 6 inclusive; and RS are each independently hydrogen or 
Ci -C3 alley! ; R6 Is a hydrogen or methyl; and y is an integer between 2 and 5 inclusive; with the proviso that 
j can be 0 or 1 only if the saturated carbon backbone had pendent unsaturation prior to being substituted 

v^th the silane nfioiety; 

said polymer having a viscosity average molecular weight of between about 500 and about 20,000; 

(B) between 0 and about 300 parts by weight, per 1 00 parts by weight of component (A) , of a filler; and 

(C) between 0 and about 10,000 parts by weight, per 100 parts by weight of component (A), of an Inert 
diluent; > 

with the proviso that a total of at least about 1 part by weight of (B) plus (C) per 100 parts by weight of (A) Is 
present 

In a further aspect, this Invention Is directed to a method for protecting a weatherable substrate, which 
method comprises the steps: 

(a) providing a weatherable substrate; 

(b) applying to at least a portion of said weatherable substrate a mofsture-curable composition comprised of: 
(A) an amorphous polymer comprising a saturated carbon backbone having substituted thereon one or more 
sllane moieties of the formula: 



35 



•Q - 
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wherein R^ is: halogen, C1-C12 alkoxy, C1-C12 alkyleneoxy, C4-C12 alkoxyafkoxy, Cg-Ce cycloalkoxy. C6-C9 
aryloxy. C2-C13 alkylcarbonyloxy or C1-C12 alkylamino; 

R2 and R^ are the same or different and are: hydrogen, Ci-Ci2 alkoxy, Cn-Cia alkyleneoxy, C4-Ci2 
alkoxyalkoxy, Cs-Ce cycioalkoxy. C2-C13 all^yicarbonyloxy, C1-C12 all<ylamlno; C1-C12 alkyl, C4-Ci2 
alkoQfalkyl, Cs-Ce cycloalkyi or C7-C9 araikyi; and 

Q Is Cz-Ce alkenylene, Cs-Cs cycioalkylene, Cs-Cq cycloalkenylene or of the formula: 
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(I) 



I 

C- 



or 



(II) — CH^ CH C 0 (CH^)- — ; 

^ 0 

wherein ] is a whole number between 0 and 6 inclusive; R"* and R^ are each independently hydrogen or C1-C3 
alkyl; R^ Is hydrogen or methyl; and y is an integer between 2 and 5 inclusive; with the proviso that j can be 0 
S5 or 1 only if the saturated carbon backbone had pendent unsaturation prior to being substituted with the silane 



4 



0 260 103 

moiety; 

said polymer having a viscosity average molecular vraight of between about 500 and about 20,000; 

(B) between 0 and about 300 parts by weight per 100 parts by weight of component (A), of a filier; and 

(C) between 0 and about 10,000 parts by weight, per 100 parts by weight of component (A), of an Inert diluent; 

with the proviso that a total of at least about 1 part by weight of (B) plus (C) per 100 parts by weight of (A) is 5 
present; and 

(c) subjecting said coated substrate to curing conditions. 

In yet another aspect, this invention Is directed to a composite comprising a substrate coated In accordance 
with the method of this invention. 

The moisture-curable polymer of this Invention is an amorphous sllane-substltuted, polymer having a 10 
saturated carbon backbone. As Is employed herein, the term 'saturated carbon backbone" refers to a chain of 
saturated carbon-to-carbon bonds, although said chain may have pendent, unsaturated sldechalns 
substituted thereon. Moreover, as is employed herein, the term 'amorphous* refers to polymers having no 
differential thermal analysis melting point above 50*^0. The silane-substttuted polymers of this Invention are 
liquids at room temperature In the sense that they possess a definite volume and wlli ultimately assume the 15 
shape of their container. 

The saturated carbon backbone of the sltane-substltuted polymer of this Invention Is typically selected from 
the group consisting of polyalphaolefin homo- or copolymers, ethylene/alphaolefin copolymer, ethylene/al- 
phaolefin/nonconjugated polyene terpolymer, alphaolefin/polyene copolymer, and conjugated polyene homo- 
or copolymers. Preferably, such backbone is composed of ethylene/alphaolefin copolymer or ethylene/ai- 20 
phaoiefin/nonconjugated polyene terpolymer. Particularly preferred backbones Include ethylene/propylene 
copolymer and ethylene/propyiene/nonconjugated ediene terpolymer (EPDM). 

The polyalphaolefin and conjugated polyene polymers that may be employed may be homopolymers or 
. copolymers additionally comprising a minor amount of another monomer or monomers exhibiting vinyl 
unsaturatton such as styrene, acrylate, methacryiate. acrylonitrile. methacrylonitrile and the like, provided that 25 
the presence of such other monomers does not detrimentally affect the characteristics of the grafted 
polymers. 

The polyalphaolefin polymers that may form the backbone of the silane-substltuted polymers of this 
invention are homo- or copolymers oif one or more alphaolefins having the formula H2C-" CHR^ wherein Is a 
linear or branched alkyl radial containing from 1 to 10 carbon atoms. Preferably. R^ Is Ci-Ca alkyl. The most 30 
preferred alphaolefins are propylene. 1-butene and 1-pentene. In one preferred embodiment, the 
ethylene/alphaolefin copolymers further comprise alkyl-and/or aryl- substituted norbomene. 

The ethylene/alphaolefln/nonconjugated polyene terpolymers which may be employed are polymers of 
ethylene, at least one alphaolefin (of the formula H2C« CHR^, wherein R® Is a linear or branched all^ radical 
comprised of from 1 to 10 cariDon atoms) and at least one copolymerizable nonconjugated polyene. Illustrative 35 
of the nonconjugated polyenes which may be employed are aliphatic dlenes such as 1,4-hexadlene, 
LS-hexadiene. 1,4-pentadiene, 2-methyl-1,4-pentadienB, 3-methyl-1.4-hexadiene. 4-methyl-1,4 hexadlene, 
1,7-octadlene. 1.9-decadiene. exo- and endp-dlcyclopentadlene and the like; exo- and endo-alkenylnorbor- 
nenes, such as 5-propenyl-, 5-(buten-2-yl)-. and 5-(2-methylbuten-[2n-yl) norbomene and the like; 
alkylalkenytnorbomenes, such as 5-methyl-6-propenylnorbomene and the like; alkylidenenorbomenes. such 40 
as 5-methylene-, 5-ethylldene-, and &'isopropylldene-2-norbomene, vinylnorbomene, cyclohexenylnortsor- 
nene and the like; alkylnorbomadienes. such as methyl-, ethyl-, and propylnorbornadlene and the like; and 
cyclodienes such as 1.5-cyclooctadiene, 1,4-cyclooctadIene and the like. The preferred nonconjugated 
polyenes are 5-ethylldene-2-riorbomene. 1,4-hexadlene and dlcydopentadlene. 

The ethylene content of the ethylene/alphaolefin copolymers and ethylene/alphaolefln/nonconjugated 45 
polyene terpolymers that may be employed is generally between about 25<Vb and about 85<Vb. Is preferably 
between about 30o/o and about 75<Vb. and is most preferably between about 40(Vo and about 700^, all by weight. 
The polyene content of such terpolymers Is generally below about 25o/d, and is preferably between about 2 and 
about 200/0. all by weight. 

The alphaolefin/polyene copolymers which may form the backbone of the sllane-substituted polymers of 50 
this invention are copolymers of at least one alphaolefin having the formula H2C« CHR^, wherein R^ Is a linear 
or branched alkyl radial containing from 1 to 10 carbon atoms, and at least one conjugated or nonconjugated 
polyene. However, in the case of these copolymers and of conjugated polyene copolymers, It is to be noted 
that either polymerization should occur In a manner In which a saturated carbon chain is produced or the 
resultant polymers must be hydrogenated so that a saturated carbon chain is present. 55 

Particularly prefen-ed polymer backbones for the sllane-substltuted polymers of this Invention are low 
molecular weight copolymers of ethylene, an alphaolefin and (optionally) a nonconjugated polyene, which 
copolymers have a viscosity index of at least about 75 and vinylidene-type terminal unsaturation. Such terminal 
unsaturation is considered to be pendent unsaturation for the purposes of this invention. These copolymers, 
which are disclosed in U.S. Patent 4,668,834 are readily prepared employing metallocene catalysts such as 60 
(C5H6)2Zr(CH3)2. (C5H5)2TI(CH3)2. (C5H5)2ZrCl2, (CHsH5)2TiCl2 and the like, in combination with linear or 
cyclic aluminoxane cocatalysts. such as methylalumlnoxane. 

The saturated carbon backbones employed In the composition of this invention have substituted thereon a 
sufficient amount of silane compound such that such polymers may be crosslinked upon exposure to curing 
conditions. Typically, there are between about 1 and about 70 silane groups per polymer chain. Preferably. 65 
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between about 1 and about 15 silane groups per polymer chain are present. However, the composition of this 
invention may comprise a certain amount of non-silanated polymer such that there are an average of less 
than 1 sllane group per polymer chain. Thus, in the composition of this invention the sllane-substltuted polymer 
component may comprise as low as about 0.5 silane moieties per chain. 

In those embodiments of the composition of this invention In which a large degree of flexibility is required, 
there should be an average of between about 0.5 and about 5.0 silane grops per polymer chain. Preferably, 
between about 0.6 and about 3.0 silane grops, most preferably between about 0.7 and about 1.2 of silane 
grops per polymer chain are present. Moreover. In order to obtain such flexibility, the polymers of this 
invention should additionally have a sufficient amount of silane substituents bound thereto such that between 
about 0.05 and about 0.35 silane substituents per 1000 molecular weight are present. 

Thus, for example, in order to obtain a coating having a large degree of flexibility, a polymer having a number 
average molecular weight of 10,000 will have between about 0.5 and about 3.5 sllane groups bound thereto. 
Similarly, a polymer having a number average molecular weight of 5.000 win have between about 0.5 and about 
1.75 sitane groups substituted thereon, as at least about 0.5 groups per polymer chain must be present 
JThe amorphous silane-substituted polymers of this invention possess a viscosity average molecular weight 
(fiv) of between about 500 and about 20.000, preferably of between about 750 and 10,000. and most 
preferably of between about 1.000 and about 8.000. 

The sllane moieties which are substituted to the polymeric backbone of the polymers of this invention are of 
the formula: 

/ 2 
Q - Si R'' 



30 



35 



wherein is: halogen, Ci-Ci 2 alkoxy. C1-C12 alkyleneoxy. C4-C12 alkoxyalkoxy. Cs-Ce cycioalkpxy, C6-C9 
aryioxy, Cz-Gia alkylcarbonyloxy or Ci<-Ci2 alkylamino; 

and are the same or different and are: hydrogen, C1-C12 alkoxy, C1-C12 alkyleneoxy, C4-Ci2 
alkoxyalkoxy, Cs-Cs cycloalkoxy, C2-C13 alkylcarbonyloxy, C1-C1 2 alkylamino. C1-C12 alkyi, C4-C12 
alkoxyalkyl, Cs-Cs cycioalkyi or C7-C9 aralkyi; and 

Q is C2-C6 alkenylene, Cs-Cs cycloalkylene. Cs-Ca cycloalkenylene or of the formula: 



40 



(I) 



R- 



or 



^ (II) — CH« CH C 0 (CH^)— ; 

'6 II ^ 
0 

50 

Wherein J is a whole number between 0 and 6 inclusive ; and R^ are each independently hydrogen or Ci-Ca 
, ' alkyl ; RS is hydrogen or methyl; and y is an integer between 2 and 5 inclusive ; with the proviso that J can be 0 
or 1 only if the saturated carbon backbone had pendent unsaturation prior to being substituted with the silane 
moiety. 

55 It Is to be noted that ] can be 0 or 1 only If the carbon backbone had pendent unsaturation prior to being 
substituted with the silane moiety as it is necessary for either the silane compound (which Is substituted onto 
the backbone to form the silane moiety) or the backbone to contain ethylene-type unsaturation (In the case of 
the backbone, such unsaturation is pendent off the saturated carbon chain) in order for substitution to occur. 
Hence, when ] is 0 or 1, the siiane moiety must be substituted where such pendent unsaturation off the 

so saturated carbon backbone had been present, and not off the carbon backbone Itself. In those cases where J 
is 2, 3. 4. 5 or 6, the silane moiety may be substituted on the saturated, carbon backbone itself or on such a 
formerty ethylenically unsaturated pendent group. 

Preferably, R^ is chlorine, Ci-Ce alkoxy, Ce-C/ aryloxy or Cz-Ce alkylcarbonyloxy; 
R2 and R^ are each independently Ci-Ce alkoxy, Ce-Cy alkylcarbonyloxy, or Ci-Ce alkyl; and 

55 Q Is C2-Cs alkylene. 
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More preferaby, Is C1-C3 alkoxy or C2-C3 alkylcarbonyloxy; 
B2 and R3 are each independently C1-C3* alkoxy, Ca-Cs alkylcarbonyloxy or Ci-Cs alkyt; and 
Q is C2-C5 alkylene. 

Most preferably, such sllane moiety is derived from vinyl trimethoxysilane. vinyl triethoxysiiane, vinyl 
triacetoxysiiane, vinyl triisopropoxysitane, vinyl trichiorosiiane. ally! trichlorosllane, vinyl dichloromethytsilane, 5 
vinyl dichloroethylsliane, aliyi dlchloromethylsllane. ally! chlorodlmethylsilane, allyl dichloroethylsilane, 
trichiorosiiane. dichloromethylsnahe or chlorodimethylsiiane. 

The silane-substttuted pothers of this Invention may be prepared by contacting the polymeric backbone 
with an appropriate silane, at^between about eo"* and about 275" C. in the presence of a free radical generator 
such as organic hydroperoxide or peroxide, or an azonltrile. The free radical generator Is generally employed In 10 
amounts between about 0.001 and about 50 percent by weight, based upon the weight of the backbone 
polymer, the Xem 'appropriate silane' refers to a silane which when reacted with the backbone polymer In the 
presence of a free radical generator win produce a moiety of the formula described above. It is to be noted that 
an "appropriate silane' must contain at least one substltuent including ethylene-type unsaturatlon (i.e., carbon 
to carbon double bond) unless the polymer backbone possesses pendent ethylene-type unsaturatlon. is 

Free radical generators which may be employed in carrying out the substitution reaction Include aromatic or 
aliphatic (hydro)peroxides, including aromatic diacyl peroxides and aliphatic diacyl peroxides, dibasic acid 
peroxides, ketone peroxides, alkyl peroxyesters and alkyi hydroperoxides. Illustrative of the (hydro)peroxldes 
which may be employed are dlacetylperoxlde. dibenzoyi peroxide, bis-2,4<l{chIorobenzolyl peroxide, 
ditert-butyi peroxide, dicumylperoxide, tert.-butyiperbenzoate, tert.-butylcumyl peroxide, 2,5-bis(tert.-bu- 20 
tylperoxy) 2,5-dimethyihexane, 2.5-bis-(tert.-butylperoxy-2,5-dlmethylhexyne-3, 4,4.4'4M6tra-(tert.-butyipe- 
roxyl)- 2,2-dicyciohexylpropane, 1,4-bls-(tert-butylperoxy)-3,3,5-trimethylcyclohexane, lauroyi peroxide, suc- 
cinic acid peroxide, cyciohexanone peroxide, tert.-butyl peracetate, butyl hydroperoxide, and the like. 

Free radical generators which are also suitable Include azlde-type compounds such as azidoformates, for 
example tetramethy]enebls(azldoformate) and the like; aromatic polyazides such as 4,4'-d]phenytmethane 25 
diazide and the like; and sutfonazides such as p,p'-oxybis(benzenesulfonyl azide) and the like. Particularty 
preferred free radical generators include dl-t-butyl peroxide and dicumyl peroxide. 

The compositions of this Invention comprise: (A) the sliane-substftuted polymers described above; (B) 
between p and about 300 parts by weight of a filler; and (C) between 0 and about 10,000 parts by weight of an 
inert diluent; all such parts being based upon 100 parts by weight of component (A). At least about 1 part by 30 
weight of (B) and/or (C) per 100 parts by weight of (A) must be present. 

The use of fillers Is particulariy desirable when the sealant compositions of this invention are to be employed 
as caulks. Illustrative of suitable fillers which may be employed are materials such as carbon black, clay, 
pumice, talc, calcium carbonate, silica, silicates, barytes and metal oxides such as titanium dioxide. Typically, 
preferably between about 1 and about 300 parts by weight, more preferably between about 5 and about 75 35 
parts by weight, all based upon 100 parts by weight of the siiane-substituted polymer present, of filler Is 
employed. However, these proportions may vary somewhat depending upon the particular filler employed as 
well as on the particular substrate to be protected. 

When the sealant compositions are to be employed for waterproofing surfaces, the use of a diluent is 
desirable In order to ensure an even application, illustrative of the inert diluents which may be employed are 40 
vegetable oils, mineral oils, ester plasticlzers and aromatic and aliphatic hydrocarbon solvents. Representative 
of such illustrative diluents are vegetable oils such as linseed oil, talloli and the like; mineral oils such as 
naphthenic and paraffinic distillates and the like; esters such as dibutyl phthalate. dioctyi phthalate, dioctyl 
adipate and the like; aromatic hydrocarbons such as benzene, toluene, xylene and the like; and aliphatic 
hydrocarbons such as hexane, octane, decane and the like. 45 

Between 0 and about 1 0,000 parts by weight of diluent, based upon 100 parts by weight of sliane-substituted 
polymer, are employed. The preferred amounts of diluent will depend upon the substrate to be protected, the 
substituted polymers employed and other similar factors, but such amounts may be readily determined by one 
skilled In the art employing routine experimentation. 

in addition, if desired, a silanol condensation catalyst may also be blended Into the composition of this 50 
invention. Suitable catalysts include metal carboxylates such as dlbutylln dllaurate stannous acetate, stannous • 
octoate, lead naphthenate, zinc octoate, iron-2-ethylhexoate and cobalt naphthenate. organic metal 
compounds such as the titanium esters and chelates, for example tetrabutyl tltanate, tetranonyl titanate and 
bls(acetyt-acetonyl)di-lsopropyl titanate, organic bases such as ethylamlne hexylamlne, dlbutylamine and 
piperiidlne and acids such as the mineral acids and fatty acids. The preferred catalysts are the organic tin 55 
compounds, for example, dibutyltin dllaurate, dibutyitin dtacetate and dibutyltin dioctoate. Typically, such 
catalysts are added In amounts up to about 3 parts by weight per 100 parts by weight of composition. 

Moreover, the compositions of this invention may further comprise conventional additives such as 
stabilizers, processing aids, surfactants and the like. 

Moreover, the polymers of this Invention can also be compounded with hydrated salts such as 60 ' 
(CH3C002Ba»2H20), BaCl2»2H20, CaS04«2H20, CuS04»5H20. MgS04*7H20, Na2B4O7»10H2O, and the 
like, to supply intemal moisture where more rapid internal curing Is necessary or where there is no trace 
atmospheric moisture. 

The compositions of this Invention are typically prepared by blending the components in any order 
employing conventional mixing apparatus. In order to avoid premature cure of the compositions they should 65 
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be stored under low humidity conditions. 

The process of this invention is typically performed as follows. A weatherable substrate is provided. At least 
a portion of the surface of such substrate is coated with the composition of this invention. The composition 
may be applied by any suitable conventional means, typically including spraying, extrusion from cartridges. 
5 troweling, and the like, depending upon the sealant composition to be employed and the substrate to be 
protected. 

The applied composition is then subjected to curing conditions, which generally comprise ambient 
temperature and humidity, although higher temperature and/or humidity may be employed to achieve a more 
rapid cure If desired. 

10 The composition of this Invention may be used to protect a wide variety of weatherable substrates including 
wood, brick, concrete and the like. Because of the great flexibility of the cured compositions they are 
admirably suited for use on flexible substrates such as fibers, fabrics and the like. 
Substrates coated in accordance with this Invention will exhibit increased resistance to weathering. 

IS EXAMPLES 

The following Examples are intended to further Illustrate the Invention and are not Intended to limit the scope 
. of the Invention In any manner whatsoever. 

Examples 1-6 

20 To a glass resin kettle equipped with a condenser, thermometer, nitrogen Inlet-outlet tubes and stirrer were 
added vanadium-catalyzed ethylene/propylene copolymer or ethylene/propylene/dicyclopentadiene co- 
polymer; sllane adduct; and a free radical initiator. The amounts and types of copolymer, silane and initiator are 
all listed in Table I. 

The reaction mixture was stirred for 3-6 hours at the temperature specified under a nitrogen blanket. Where 
25 no solvent was present, the reaction mixture was then vacuum stripped at 150° C for 30-60 minutes. In the 
solvent based reaction (Example 4) the solvent was first distilled off at 60-90**C before the product was 
stripped as described above. 

In Examples 1-3. the sllane-substltuted polymers so formed were formulated into a composition by 
combining 100 parts of sllane-substituted polymer with 10 parts of fumed silica (Cabosll) and 0.3 parts of 
30 dibutyl tin dllaurate. These compositions were cured for 45 days at room temperature and humidity and the 
resulting cured composition evaluated. The results of such testing are summarized in Table 1. 

The sllane-substituted polymers of Examples 4-6 were allowed to cure without being formulated. The tack 
free time and percent gel In xylene after boiling In water for 8 hours are listed in Table i. 
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These Examples demonstrate that the reaction of liquid EP and EPDM wrth sllanes containing a substituent 
with an unsaturated carbon-carbon double bond as well as one or more other hydrolizabie substituents 65 
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produces a sflanated fiquld EP or EPDM adduct which crossHnks in the presence of moisture at room 
temperature, a result which Is unexpected in view ot Wouter and Woods', supra, conclusion that low molecular 
weight EP and EPDM have low moisture curing potential. 

5 Examples 7-11 

Employing a process Identical to and on apparatus similar to those employed in Examples 1-6» several 
ethylene/propylene copolymers having vinyiidene-type terminal unsaturation (within the scope of U.S. Patent 
4.668.834) were grafted with vinyl trimethoxysilane. The description of the starting polymers, amounts of 
reactants and analysis of the graft polymers formed are summarized in Table II 
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These Examples demonstrate the high efficiency with which silanes containing a carbon-carbon double 
bond and one or more hydroiizable substituents, in general, and vinyltrtmethoxysilane. In particular, react with 
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liquid EP copolymers. 
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Example 12 and Comparative Experiment A 

A Parr-type 2 liter stainless steel, high pressure reactor was charged with 900 grams of an 
ethylene/propylene copolymer having terminal vinyTidene-type unsaturation (58 weight percent propylene, 
1850 flv). 108 grams of vinyttrimethoxysilane, and 45 grams dicumyl peroxide (92Vo active). The mixture was 
stirred at 160*'C under a nitrogen blanket for 2 hours and then vacuum stripped. 

The resulting silanated EP adduct was dissolved at 9.7tVb solids in a hydrocarbon solvent (Isopar E, available 
from Exxon Chemical Company), Dibutyltin dilaurate was added at 0.8 parts by weight per 100 parts of 
siiane-substituted polymer In order to more rapidly effect the moisture cure. A 10.5o^ solids solution of the 
non-substituted ethylene/propylene copolymer was also prepared in isopar E (Comparative Experiment A). 

These formulations were applied to concrete and bricl< at similar coverage rates, and the protected 
substrates soaI<ed in water for various periods of time. Table ill shows that the silanated polymer was much 
more efficient in reducing the water absorption of both concrete and bricit than was the unsubstituted 
polymer. 
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TABLE III 
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Example or 
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Experiment 



** 



Coating 

None 

Non-substituted 
E/P copolymer 

Siiane-substituted 
E/P copolymer 



Concrete* 



Brick* 



7.1 (24 hours) 7.7 (24 hours) 



6.6 (48 hours) 
[-7]** 

2.6 (48 hours) 
1-63] 



8.5 (48 hours) 
[+10] 

2.0 (48 hours) 
[-74] 



Percent weight increase after soaking in water for period 
of time indicated in parentheses. 

Bracketed numbers indicate increase in weight of coated 
sample after 48 hours relative to increase in weight of 
uncoated sample after 24 hours. 
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so 



Examples 13-18 

The siianated EP adducts In Examples 13-18 were prepared according to the procedure described In 
Examples 1 through 6. A 500 mi.resin l<ettle was charged with 150 grams of an ethylene/propylene copolymer 
having terminal vinylidene-type unsaturation (42 weight percent propylene, 2920 fiv), 3 grams of di-t-butyl 
peroxide, and the amount of vinyitrimethoxysiiane specified In Table IV. 

The resulting silanated EP adducts were formulated Into masonry coatings by dissolving them to 10«Vb solids 
in a hydrocarbon solvent (Isopar G, available from Exxon Chemical Company) and adding 1 part dibutyl tin 
dilaurate per 100 parts silanated polymer. 

Table IV shows the effects of the vinyitrimethoxysiiane level on the water absorption characteristics of 
concrete, brick and wood blocks coated with siiane-substituted ethylene/propylene copolymers. 
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Example 19 

The.silane-substituted ethylene/propylene copolymers of Examples 7 and 10 were formulated Into a 20«W) 
solids coatings using a hydrocarbon solvent (Isopar G) and 1 part by weight per 100 parts of sllane-substituted 
polymer dibutyltin diiaurate. These coatings were applied to concrete slabs at a coverage rate of 227 ft^/gallon. 
Prior to coating, It was determined that the uncoated concrete slabs Increased in weight by an average of 
11.20^ after soaking in water for 24 hours. 

The results in Table V indicate that the lower molecular weight sllane-substituted copolymer provided 
equivalent waterproofing to the higher molecular weight adduct In addition, the low molecular weight adduct 
penetrated more deeply Into the concrete and gave a more natural surface appearance, although each 
provided desirable protection for such an Irregularly surfaced substrate. 

TABLE V 

Example No« 

Mv - Silanated EP Adduct 

% Wt. Increase - Coated Concrete 
After A8 Hour Soak 

Concrete Appearance After Coating 

Penetration Depth; inch 



Example 20 

This Example demonstrates the use of sllane-substituted ethylene/propylene copolymers as permanent 
water repellants for cloth fabrics. 

A coating based on the siiane-substituted low molecular weight ethylene/propylene copolymei- In Example 9 
was prepared by dissolving 100 parts of the substituted copolymer, and 1 part dibutyl tin diiaurate in 900 parts 
hydrocarbon solvent (Isopar G). One coat of this fonmulation was applied to one half the surface area of 1 0 Inch 
by 6 Inch unbleached muslin fabric which had been washed with detergent solution, stretched on a drying rack 
and dried for 16 minutes at 1 1 0*" 0. The remaining half of the fabric was treated with one coat of Isopar G. After 
the solvent had evaporated at room tempeature, the sample was dried for fifteen minutes at 60*C and cured 
for 3 days at room temperature and humidity. 

Water droplets placed on the fabric treated with Isopar G were absorbed by the fabric within 3 minutes. 
Water droplets placed on the fabric treated with the sllane-substituted low molecular weight ethylene/pro- 
pylene copolymer were not absorbed by the fabric even after 15 mlutes. The breathablllty of the muslin treated 
with the silanated copolymer was maintained. Washing five times with trichloroethylene to simulate dry 
cleaning did not destroy the water repellancy of the fabric treated with the silanated copolymer. 

Example 21 

This Example Illustrates the use of sllane-substituted low molecular weight ethylene/propylene copolymers 
as moisture curing, room temperature vulcanizing (RTV) sealants and caulks. 

A 12 liter resin kettle was charged with 2300 grams of ethylene/propylene copolymer (44 weight pecent 
propylene, 4200 flv), 500 grams xylene. 115 grams vinyltrimethoxysnane and 18.4 grams di-t-butylperoxide. 
The vessel was closed and flushed with nitrogen. The mixture was mechanically stirred for 30 minutes at room 
temperature to obtain a uniform mixture. The temperature was raised to 150° C and held there for 5 hours 
under a nitrogen atmosphere. The volatlles were removed by vacuum stripping. 

The resulting sllane-substituted copolymer had a viscosity average molecular weight (flv) of 4300 and a 
room temperature Brookfield viscosity of 327,000 ops. Tack free time by touch of the unformulated, silanated 
polymer was 48 hours at room temperature and 100QA> relative hunfiidity. 

The sllane-substituted copolymer prepared above was formulated Into the following RTV sealant recipe: 
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-5000 1540 
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Parts By Weight 



Silanated Adduct 100 

Hydrocarbon Solvent (Isopar G) 12.7 

Cabosil (fumed silica) 12.7 

Adhesion Promoter (aminopropyl- 

triethoxysilane) 0.89 

Phenolic Antioxidant (Irganox 1076) 0.25 

Dibutyl tin dilaurate Catalyst 0.25 



The R7V sealant was prepared in a double planetary mixer equipped so that the mixing chamber could be 
evacuated and using the following schedule: 



Time 

(min . ) Operation Speed 

0 Add Adduct, Solvent . 20 rpm 

20 Add Cabosil, AO, Silene 50 

23 Apply Vacuum 50-70 

35 Add Catalyst, continue 50-70 
vacuima 

65 Break w/N^ Sweep 50-70 



The sealant formulated and mixed as above was odorless before and after curing, and had better clarity than 
a commercial silicone RTV sealant. In sections of 1/4 inch thick or less, the sllane-substituted RTV sealant of 
this invention was transparent to visible light whereas the commercial silicone sealant was translucent to 
opaque. Tack free time (touch) was 27 hours at room temperature and 55o/o relative humidity. The cured 
sealant exhibited an elongation of I8O0/0 and excellent peel adhesion to an untreated concrete substrate. 

Example 22 

Into a 3 liter resin kettle equipped with mechanical stirrer, thermometer, and dry-Ice condenser were added 
633.8 . grams of liquid ethyiene/propyiene/nonconjugated diene terpolymer comprising dlcyclopentadiene 
(E/P « 46/54 by weight, iodine number « 19, and fiv = 3400) dissolved In 1400 ml of dry n-hexane. 50.7 
grams (0,374 moles) of trichlorosiiane and 12.7 grams of a 75o/o solution of t-butyl peroxyplvalate In mineral 
spirits were added to such EPDM solution. The mixture was gently refiuxed for 6 hours under nitrogen with 
mechanical stirring. Solvent and unreacted trichlorosiiane were removed under vacuum at 120° C. 

The resulting liquid EPDM-trichlorosilane adduct contained 2.080/d chlorine indicating that 360/0 of the added 
trichlorosiiane reacted with the liquid EPDM to produce 0.7 trichiorosiiyl groups per polymer chalm. The 
molecular weight of the adduct was essentially equal to that of the starting material. 

The above adduct was tack free to the touch after 72 hours at room temperature and 85<Vb relative humidity, 
A 1/16 Inch slab of the adduct was cured for 7 days at room temperature and 100QA) relative humidity. This 
sample was tested for a variety of physical properties. The results of such testing are summarized in Table VI 
below. 

Examples 23-32 

Employing the ethylene/propylene/dlcyclopentadiene terpolymers described in Table VI below, several 
additional moisture-curable trichlorosilane-substituted polymers were prepared following a procedure 
essentially identical to that described in Example 1. In Examples 2-8 the polymers possessed a reduced 
number of halosllane moieties such that, when cured, an extremely flexible product was produced. Examples 
9-11, which contained a greater number of silane moieties per polymer chain, cured to form a product which, 
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while possessing desirable properties for protecting a weatherable substrate, were substantially less flexible. 

Slabs of each of the adducts so produced were cured at room tempeature and lOOAfe relative humidity for 
the periods Dsted in Table VI. The physical properties of these samples are listed in Table VI. In the bend test 
referred to In Table VI, a sample strip measuring 1 inch by 2.5 inches by 0.12 Inch was bent over upon itself so 
that the outside diameter of the bend was about 0.25 inch. If no cracking occured, the sample passed. If 
cracking occurred, the sample failed. 
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The above data indicate that, in contrast to Wouter at ai's (supra) published conclusions that iow nriolecuiar 
weight EPDM has low moisture curing potential, the compositions of this invention are readily moisture cured. 
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Examples 33^0 

Several of the SiCIa modified copolymers produced above were further evaluated as compounded caulking 
compositions by thoroughly mixing 100 parts of the respective functionalized copolymer with one of the 
5 following recipes, as indicated in Table Vfl below: 
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Recipe 


(i) 


(ii) 


(iii) 


Cabosil [trademark] 25^-^^ 


25 


21 


10 


Sunpar [tradiemark] 150^^^ 


25 


21 


15 


MgO 


6 


5 


6 


TiOj 


5 


4 


5 


Epon [trademark] 828^^^ 
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Remarks 

25 (1) Silica 

(2) Extender Oil, 

(3) Isopropylidenebis(l,2-epox3rprop7lphenyl) 5 HCl acceptor 

30 Cured samples of such caulking compositions were tested for their physical properties. The results of such 
testing are presented in Table VII. 
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The above data Indicate that the compositions of this invention exhibit exceiient properties for use as 
caullcs. 65 
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Claims 



1 . An amofphous polymer characterized in that It comprises a saturated carbon backbone having 
substituted thereon one or more silane moieties of the formula: 



10 



IS 



20 



Q - Si 

wherein is: halogen, C1-C12 alicoxy. C1-C12 alkyleneoxy, C4-C12 alkoxyalkoxy, Cs-Ce cycloalkoxy, 
C6-C9 aryloxy, C2-C13 alkylcarbonyloxy or Ct-Ci 2 alkylamino; 

R2 and are the same or different and are: hydrogen, C1-C12 alkoxy, C1-C12 alkyleneoxy, C4-C12 
alkoxyalkoxy. Cs-Ce cycloalkoxy, C2-C13 alkylcarbonyloxy, C1-C12 alkylamino, C1-C12 alkyi, C4-C12 
alkoxyaikyi, Cs-Ce cycloalkyi or C7-C9 aralkyi; and 

Q is C2-C6 alkenylene. Cs-Cs cycloalkylene. C5-<?8 cycloaikenylene or of the formula: 



25 



30 



(I) 



I 

C 



or 



(II) CH^ CH C 0 (CH^)^ ; 



wherein J is a whole number between 0 and 6 Inclusive; R^ and R^ are each independently hydrogen or 
40 Ci*C3 alkyi; R^ is hydrogen or methyl; and y is an integer between 2 and 5 inclusive; with the proviso that | 

can be 0 or 1 only if the saturated carbon backbone had pendent unsaturation prior to being substituted 
with such silane moiety; 

said polymer having a viscosity average molecular weight of between about 500 and about 20,000. 

2. A polymer according to claim 1 characterized in that the saturated carbon backbone is a polymer 
45 selected from ethytene/alpfmolefin copolymers and ethylene/alphaolefin/nonconjugatecl diene terpoly- 

mers. 

3. A polymer according to claim 2 characterized in that the alphaolefin is propylene. 

4. A polymer according to any of the preceding claims characterized In tliat R"* is chlorine, Ci-Ce alkoxy, 
C6-C7 aryloxy or C2-C8 alkylcarbonyloxy; R^ and R^ are each independently Ci-Cs alkoxy, Ce-C? 

so alkylcarbonyloxy, or Ci-Ce alkyi; and Q is C2-C5 alkylene. 

.5.' A polymer according to claim 4 characterized In that R*" Is chlorine. C1-C3 alkoxy or C2-C3 
alkylcarbonyloxy; R2 and R^ are each Independently C1-C3 alkoxy, C2-C3 alkylcarbonyloxy, or C1-C3 alkyl; 
and Q is C2-C5 alkylene. 

6. A polymer according to any of the preceding claims characterized In that said polymer has a viscosity 
55 average molecular weight of between about 750 and about 10,000. 

7. A polymer according to claim 6 characterized in that said polymer has a viscosity average molecular 
weight of between about 1 ,000 and about 8,000. 

8. An amorphous polymer characterized in that it has a saturated carbon backbone selected from ethyl 
ene/propylene copolymer and ethylene/propylene/nonconjugated diene terpolymer; sard polymer having 

00 substituted thereon one or more moieties derived from vinyl trimethoxysilane, vinyl triethoxysllane. vinyl 

triacetoxysilane, vinyl triisopropoxysllane vinyl trichlorosilane, ally! trichlorosllane, vinyl dichloromethylsi- 
lane, vinyl dichloroethylsilane, ailyl dichloromethylsiiane, allyl chlorodimethylsiiane aliyl dichloroethylsi- 
lane, trichlorosilane, dichloromethylsiiane or chlorodimethylsiiane; and a viscosity average molecular 
weight of between about 1 ,000 and about 8,000. 

55 9. A sealant composition characterized in that It comprises 
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(A) an amorphous potymer as claimed in any of the preceding claims; 

(B) between 0 and about 300 parts by weight, per 1(X) parts by weight of component (A), of a filler; and 

(C) between 0 and about 10.000 parts by weight, per 100 parts by weight of component (A), of an inert 
diluent: 

with the proviso that a total of at least 1 part by weight of (B) plus (C) per 100 parts by weight of 5 
component (A) is present. 

10. A composition according to claim 9 characterized in that said filler Is selected from carbon black, 
clay, pumice, talc, calcium carbonate, silica, silicates, barytes and metal oxides. 

11. A composition according to claim 9 or claim 10 characterized In that said Inert diluent Is selected 
from vegetable oils, mineral oils, ester plasticlzers and aromatic and aliphatic hydrocart^on solvents. 10 

12. A composition according to any of dalms 9 to 1 1 characterized in that, in component (A) between 
about (I) 0.5 and about 5.0 silane moieties In total, and (ii) between about .05 and about 0.35 sllane 
moieties per 1000 viscosity average molecular weight based upon the viscosity molecular weight of said 
polymer, are present. 

13. A method for protecting a weatherable substrate, characterized In that the method comprises the is 
steps: 

(a) providing a weatherable substrate; 

(b) applying to at least a portion of said weatherable substrate a moisture curable composition as 
claimed In any of claims 9 to 1 2. 

14. A method according to claim 13 characterized In that said substrate is wood, concrete, brick or 20 
fabric. 

15. A composite characterized In that it comprises a substrate coated In accordance with the method of 
claim 13 or claim 14. 
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